
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 14 (2012) 149202

üüü���ééé C ÅÅÅãããÑÑÑ���OOOÿÿÿººº���KKK���999ÙÙÙ������*

±^1)2) 
¡¸1)† obv1) uA1) ê�1)

1) ( ¥I�Æ��aA^ïÄ¤, �® 100101 )

2) ( ¥I<¬)�� 61741 Üè, �® 100095 )

( 2011 c 8 � 22 FÂ�; 2011 c 11 � 14 FÂ�?Uv )

DÚ*:@� C ÅãÑ�Oó�Å��u�%�», Éü�Ñ�P~�K�é�, Ïd  �Ñü�é C Åã
Ñ�Oÿº�K�. �©Äuü�Úå C ÅãÑ�O&Ò�P~!��NÑ�9�%á\°¡��6Ä�^, í�

ü�^�e�X��§, �ï
 2010 c�c� ASCAT Ñ�O!ü�X�Úî³¥ÏUíý�¥%ê�ý��
��êâ8, ½þ©Û
ü�é C ÅãÑ�Oÿº�K�, uyÙ&ÒP~�ü�rÝÚ\���O�
Or; �
�NÑ�Ú�L¡6Ä�^�ü�rÝ�O�
Or!�\���O�
~�, Ù¥�L¡6Ä�^éÑ�Oÿ
º�K��u��NÑ�. ,	, |^ü�^�e�X��§Ú��êâ8, �©ïá
ü�^�e� C ÅãÌÄ
�ÅË�DÑ�., ¢�L², T�.U
Uõü�^�e C ÅãÑ�Oÿº�°Ý.

'�c: ü�rÝ, C ÅãÑ�O, Ë�DÑ�., °¡º|

PACS: 92.40.eg, 93.85.–q, 84.40.Xb, 92.60.Gn

1 Ú ó

°¡º|��°��6�Ì�°Äå, ÏLN
�°�-�í�m�9Ïþ!YðÏþ±9��z
%�íNÏþ, K��¥Ú/«�íÿ. iÿ°¡
º|éun)°� - �í�m��p�^±9mÐ
°�!�í+���'ïÄ�'­�. (1�ÅÑ
�O±Ù�Uÿ!�U�!pCXÝ�`³
¤
�°¡º|ÿþ�Ì�óä, ¤¼��º|&E2
�A^uUíý�!º�iÿ�+�.

(1�ÅÑ�O�ó�ªãÌ�æ^ Ku Åã
Ú C Åã, ÙÏL�°L¡u�óÀ&Ò¿�ÂÙ
.���Ñ���£Å&Ò, ,�|^°¡o÷Ý
�°¡º�º��½þ'X5&ÿ°¡º|&E.

3ü�^�e, Ñ�O�ÿº°ÝòÉ�K�, Ì
��Ï�8(�n��¡: �%3�í¥éÑ�O

&Ò�)P~, ¦£Å&ÒUþ~f; �%eü�
éÑ�O&Ò�)��Ñ�, O\
£Å&ÒUþ;

�%á\°Y�, éY¡�)6Ä, UC
°L¡
o÷Ý, ?
K�
£Å&Ò�Uþ.

'uü�éÑ�Oÿº�K�, IS	Æöm
Ð
�þ�ïÄó� [1−4], Ì�8¥3 Ku Åã.

éu C ÅãÑ�O, DÚ*:@�duX�Å��
u�%�», ÙÉü�Ñ�P~�K�é�, Ïd
  �Ñü�éÙ&Ò�K�. Cc5, �X Ku Å
ã� QuikSCAT Ñ�O��, C Åã� ASCAT Ñ
�O®¤��¥Ì�3;�Ö$1�Ñ�O, ü
�é C ÅãÑ�Oÿº�K�ÅìÚåI	�

ïÄÆö�5¿. Nie Ú Long[5] |^ ERS-1/2

¥(þ� ESCAT Ñ�OêâÚ9�üYÿþ¥
( (TRMM) þ�ü�X� (PR) êâµ�
ÿº°
Ý�ü�Ç�m�'X, uy3�½�ü�ÇÚ\
��^�e, C ÅãÑ�Oÿº�°ÝÉü�K�

* ¥I�Æ��£M#ó§�c<â+�c÷�8;� (1OÒ: Y0S04300KB)!¥I�Æ�­��ïC�ï��8 (1OÒ: YZ200946)

ÚI[pEâïÄuÐOy (1OÒ: 2006AA09Z137) ]Ï��K.

† E-mail: yangxf@irsa.ac.cn

c© 2012 ¥¥¥IIIÔÔÔnnnÆÆÆ¬¬¬ Chinese Physical Society http://wulixb.iphy.ac.cn

149202-1



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 14 (2012) 149202

é�.

ü�éÑ�Oÿº�Ì�K�Ï��)�%
P~!�%��NÑ�Ú�L¡6Ä, Ù¥cü
��¡®k¤Ù�²��., 
éu�L¡6Ä
�ïÄ¤Jé�. Craeye � [6], Bliven � [7] 3¢�
¿ÿþ
ü�Úå�°L¡��Ñ�, �T¤J
=�9 Ku Åãü\����¹; Owen Ú Long �
3©z [8] ¥lÓ��ü°¡º|Úü�rÝ�
�Ý, ïÄ
p\��^�eü�Úå°L¡6Ä
�¯K.�
��ü�éÑ�Oÿº�K�, �©
í�
ü�^�e�X��§, ,�|^ 2010 c
�c� ASCAT Ñ�Oêâ!PR êâ9î³¥Ï
Uíý�¥% (European Centre for Medium-Range

Weather Forecasts, {P� ECWMF) uÙ�ê�ý
�êâïá��êâ8, ½þ©Û
ü�éÑ�O
ÿº�K�, JÑ
^uUõü�^�eÑ�Oÿ
º°Ý����.= C ÅãÌÄ�ÅË�DÑ�
., ��|^¥(*ÿêâé�.?1
¢��y.

2 ü�^�e�X��§

(1�ÅÑ�OáuÌÄX�XÚ, Ù&ÿ°
¡º|�X��§ [9]�

PR =
PTGTGRλ2A

(4π)3R4
σ0, (1)

ª¥, PR ´�Â�X�õÇ, PT ´u��X�õ
Ç, GT ´U�DÑUþ�OÃ, GR ´U��Â>
^Å�UþOÃ, λ ´X�ó�Å�, A ´�&ÿ°
L¡�¡È, R ´¥(��&ÿ°L¡�ål, σ0

´�&ÿ°L¡�IOzX���Ñ��¡, |^
Ù�°¡º|�½þ'X=/¥Ôn�ª¼êU

�ü°¡º|.

3ü�^�e, Ñ�O&ÿ�IOzX���
Ñ��¡ σ0 É��%éÑ�O&Ò�P~!��
Ñ�9�%á\°¡��6Ä�Ï�K�, |^/
¥Ôn�ª¼ê�ü�°¡º|Ñy���Ø�.

e¡ò�[/í�ü�^�e�X��§,�½þ
©Ûü�éÑ�Oÿº�K�!ïáü�^�e
°¡º|�ü����.C½nØÄ:.

2.1 ���%%%���PPP~~~

�Ñ�O&ÒÝ��ü�âfþ�, �Ü©U
þ�âfáÂ, C¤9U½Ù¦/ª�Uþ; ,�
Ü©Uþ�âfÑ�, ¦�5\����Ñ�O&
ÒUþÉ��f. ùü«�^E¤Ñ�O&Ò�P
~. duÑ�O&Ò3 ��´»þÉ��gP~,

ü�Úå&ÒP~�ü�rÝ�'X�L«� [10]

K = 10−0.2
∫ H
0 kdr, (2)

ª¥, K �ü�éÑ�O&Ò�P~Ïf; H �
ü�pÝ; k �P~Xê, ü � dB·km−1, �Å
�� 5.7 cm �, k = 0.0031R, R �ü�rÝ, ü 
� mm/h.

2.2 ���%%%���������NNNÑÑÑ���

Ñ�Ou���Å&ÒÏLü�âf�, �Ü
©Uþ��£Ñ�O��, �)��Ñ�, l
O
\Ñ�Oÿþ�°¡��Ñ�Xê. �%���N
Ñ�Xê�L«� [11]

σr = 10−10 π5

λ4
|Kw|2 Ze, (3)

ª¥, σr �ü NÈ���Ñ�Xê, ü � m−1;

λ�Å�, ü  cm; Kw = (n2 − 1)/(n2 + 2), n�Y
�Eò��ê, ùp� 8.563 + 1.080i; Ze (mm6/m3)

�k���ÇÏf, �ü�Ç�'XL«� Ze =

210R1.6.

�%é�Å&Ò�)���Ñ�, 3�£Ñ�
OL§¥, Ó�É�ü�âf�P~�^. - H �
��ü���þÝ, ∆r ��©ü���þÝ, r �
�©ü���e�ü�þÝ, �ü���AÛ'X
Xã 1 ¤«.� � ��

ã 1 ü���AÛ'X

�þ� ∆r �©ü�����NÑ��¡
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� 10−10 π5

λ4
|Kw|2Ze∆r, ²þÝ� H-r �ü��

P~����Ñ��¡� 10−10 π5

λ4
|Kw|2Ze∆r ·

10−0.2
∫ H
r

kds, éu��ü��, �%�)���N
Ñ�²Lü�P~���Ñ�O���Ñ��¡,

=ü��)�k���NÑ��¡�

σrv =
∫ h

0

10−10 π5

λ4
|Kw|2

×Ze(r) · 10−0.2
∫ H
r

kdsdr, (4)

ª¥, σrv L«ü��)�k���NÑ��¡.

2.3 ���LLL¡¡¡666ÄÄÄ

�%á\°¡�, ÏLé°¡�ÀÂ, 3°¡
�)­åf[Å!gL�µ�ÚÚåR�·Ü, ?

UC°¡�oHÝ, K�°¡���Ñ�Xê.

Ñ�O&ÿ�°¡��Ñ��¡�°¡oH
Ýk', 3ü�^�e, °¡o÷Ýd°¡º|
Úü�û½, Ù¥, °¡º|Úå���Ñ��
¡P� σwind, �L¡6ÄÚå���Ñ��¡
P� σsurf , ùü«�^�@�´\5�, Ïd, ü
�^�e, Ñ�O&ÿ�°¡��Ñ��¡�P
� σwind + σsurf .

nþ¤ã, �Ä��%�P~!��NÑ�9
�L¡6Ä, ü�^�e�X��§�Lã�

PR =
PTGTGRλ2A

(4π)3R4

[
(σwind + σsurf) · 10−0.2

∫ H
0 kdr

+
∫ H

0

10−10 π5

λ4
|Kw|2 Ze(r)

× 10−0.2
∫ H
r

kdsdr

]
. (5)

Ñ�Oÿþ� σ0 �L«�

σ0 = (σwind + σsurf) · 10−0.2
∫ H
0 kdr

+
∫ H

0

10−10 π5

λ4
|Kw|2 Ze(r) · 10−0.2

∫ H
r

kdsdr,

(6)

3 (6) ª¥, σsurf ���þ, σ0, σwind 9ü�rÝ!
pÝ�ëê�®�þ, �dÑ�O!ü�X�9ê
�ý�Jø, Ïd, |^ (6) ª�í�Ñ�L¡6Ä
�ü�ëê�½þ'X.

3 ��êâ8

dü�^�e�X��§��, Ñ�O&ÿ�
IOzX���Ñ��¡Ø��°¡º|k', 

���ü�Úå�P~!��Ñ�!°L¡6Ä
k'. �
©Ûü�éÑ�Oÿº�K�, �ï²
��.'X, �©|^ 2010 c�c� ASCAT Ñ
�Oêâ!PR êâÚ ECWMF ê�ý�êâï
á
 152969 :��êâ8, Ù¥ ASCAT Ñ�O
êâJøIOzX���Ñ��¡ σ0; PR êâ
Jø�¥n�ü�rÝÚ°L¡ü�rÝ�ëê;

ECWMF ê�ý�êâJø°¡º|�¬, (Ü/
¥Ôn�ª¼ê CMOD5 ¦Ñ σwind.

ASCAT Ñ�O�13 METOP ¥(þ, ´�
« C ÅãR�4z�Ñ�O, æ^V>*ÿN�,

3¥(;��zýþäk 3 �\GU�, ¥mU
��Åå\����� 25◦—53◦, c�U��Å
å\����� 34◦—64◦, §�±� � 45◦, 90◦

Ú 135◦ éz��º¥þü�¢yngÿþ, ¿|
^°²I¼êòÑ�Oÿþ�\�²þ� 12.5 km

½ 25 km ���þ, ��|^/¥Ôn�ª¼ê�
ü°¡º|. ©¥æ^î³í�¥(A^|�Jø
� 25 km×25 km � ASCAT º¥þ�¬.

PR ÿ�X��13 TRMM¥(þ, ó�ªÇ
� 13.8 GHz, \����� 0◦—17◦, (e:Y²©
EÇ� 4.3 km, »�©EÇ� 250 m, U
&ÿü�
�n��m©Ù.©¥æ^� PR êâ� NASA ({
II[Ê�ÊUÛ) Jø��?�¬¥ 2A25 êâ,

©EÇpu ASCAT º¥þ�¬. 3ïá��êâ
8�, ü� ASCAT º¥þêâéAõ���� PR

ü�êâ, æ^�m�A¼êòõ� PR ü�êâ
?1\�²þ, ¦Ù�ü� ASCAT º¥þêâ�
�, ,	, ASCAT Ú PR *ÿAÛ'XØÓ, I�?
1ÝKC�. ü� ASCAT º¥þêâ�õ���
� PR ü�êâ�'XX (7) ª¤«:

RainASCAT =
∑N

i=1 w(i)RainPR(i) cos θPR(i)

cos θASCAT

∑N
i=1 w(i)

,

(7)

ª ¥, RainPR � PR ÿ � X � ê â, N �� �
� PR ÿ�X�êâêþ, w(i) � ASCAT ��
m�A¼ê, ùp´°²I¼ê, θPR � PR ÿ�X
��*ÿ�, θASCAT � ASCAT Ñ�O�\��,
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RainASCAT �� ASCAT êâ���� PR ÿ�X
�êâ.

°¡º|êâæ^ ECWMF uÙ��m©E

Ç� 1◦×1◦!�m©EÇ� 6 h �ê�ý��¬,

ÏLn�5��òÙ���� ASCAT º¥þêâ
éA� 25 km×25 km��.� � �� � �� � �� � �� � �� � � � � � � �� 	 
 � � � 
 � � � 
 �

    ：� � � � � � �
：� � � � � � � �� � �� � �� � �� � �� � � � � � � �� 	 
 � � � 
 � � � 
 �

    ：� � � � � � �
：� � � � �

� � �� � �� � �� � �� � �� � � � � � � �� 	 
 � � � 
 � � � 
 �
    ：� � � � � � �

：� � � � � � � �� � �� � �� � �� � �� � � � � � � �� 	 
 � � � 
 � � � 
 �
    ：� � � � � � �

：� � � � �
� � �� � �� � �� � �� � �� � � � � � � �� 	 
 � � � 
 � � � 
 �

    ：� � � � � � �
：� � � � � � � �� � �� � �� � �� � �� � � � � � � �� 	 
 � � � 
 � � � 
 �

    ：� � � � � � �
：� � � � �

� � � � � �
�  � � 	 �
� ! � � " �

ã 2 P~Ïf�ü�rÝ!\���Cz'X (a) \�� 27◦—33◦; (b) \�� 34◦—39◦; (c) \�� 40◦—45◦; (d) \�
� 46◦—51◦; (e) \�� 52◦—57◦; (f) \�� 58◦—64◦
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4 ü�éÑ�Oÿº�K�

ò�©ïá���êâ8�\�ü�^�e
�X��§, ½þ©Ûü�Úå�Ñ�O&ÒP
~!��NÑ�!°L¡6Ä�ü�rÝ!\�
��'X.

4.1 üüü���ÚÚÚååå���ÑÑÑ���OOO&&&ÒÒÒPPP~~~

ü�éÑ�O&Ò�P~Ïf�ü�rÝ!
\���'XXã 2 ¤«.

ã 2 ¥ (a)—(f) © O�Ø Ó \ � � �, P
~ Ï f � ü � r Ý � ' X. p � I�P ~ Ï
f, î � I�ü � r Ý, ü  dB·mm/h. ô Ú �
N 1 dB·mm/h ü�rÝ«mS���êâþ, Ø
�^�N 1 dB·mm/h ü�rÝ«mSP~Ïf�
IO�Úþ�. lã 2 ¥�±uy, �Xü�rÝ
�O\, P~Ïf~�, ü�éÑ�O&Ò�P~
Or. �ü�rÝ�u 0 dB·mm/h �, ØÓ\��
�P~Ïfþ�Cu 1, Czé�, ü�éÑ�O
&Ò�A�vkP~; �ü�rÝ�u 0 dB·mm/h,

P~Ïf×�~�, ü�éÑ�O&Ò�P~O
r. ,	, é'ØÓ\���P~Ïf�ü�rÝ
�'X�±uy, �X\���O\, Ó�ü�r
ÝeP~ÏfÅì~�, ü�rÝ� 10 dB·mm/h

�, \��� 27◦—33◦ �P~Ïf� 0.93, \��
� 58◦—64◦ �P~Ïf~�� 0.90, ù´Ï�\�
�C�,�Å&ÒDÑ�²L�ü�´»O�, É
��P~Or.

4.2 üüü������)))���kkk���������NNNÑÑÑ���

ü��)�k���NÑ��¡�ü�r
Ý!\���'XXã 3 ¤«.

ã 3 �ØÓ\���, k���NÑ��¡
� ü � r Ý � ' X. p � I�k � � � N Ñ �
�¡, î�I�ü�rÝ, ü  dB·mm/h. ôÚ�
N 1 dB·mm/h �ü�rÝ«m��êâþ,Ø�^
�N 1 dB·mm/h ü�rÝ«mk���NÑ��
¡�IO�Úþ�. lã 3 ¥�±uy, �Xü�
rÝ�O\, k���NÑ��¡O�. �ü�r
Ý�u 3 dB·mm/h �, ØÓ\���k���NÑ
��¡�Cu 0, ü��)�k���NÑ��±

�ÑØO; �ü�rÝ�u 3 dB·mm/h, k���
NÑ��¡×�O�. ,	, é'ØÓ\���k
���NÑ��¡�ü�rÝ�'X�±uy, �
X\���O\, Ó�ü�rÝe�k���NÑ
��¡�ú~�, ü�rÝ� 10 dB·mm/h �, \�
�� 27◦—33◦ �k���NÑ��¡� 0.00077,

\��� 58◦—64◦ �k���NÑ��¡~�
� 0.00065, ù´Ï��X\���O�,�Å&Ò
DÑ�²L�ü�´»O�, �%���NÑ�C
�, Ó�&ÒP~Or. du&ÒP~ru�%�
�NÑ��¡�O\, �ªLy�k���NÑ�
�¡~�.

4.3 ���LLL¡¡¡666ÄÄÄ���)))���������ÑÑÑ���

�L¡6Ä�)���Ñ�8c�vk¤Ù
��., Ã{ÏLü�rÝ��O�. d�©í�
ü�^�e�X��§��, �L¡6Ä�)��
�Ñ��¡�L«�

σsurf = σ0 · 100.2
∫ H
0 kdr − σwind − 100.2

∫ H
0 kdr

×
∫ H

0

10−10 π5

λ4
|Kw|2 Ze(r)

×10−0.2
∫ H
r

kdsdr. (8)

d (8) ª��, |^ ASCAT Ñ�Oÿþ���Ñ�
�¡!PR ÿþ�n�ü�rÝÚ°L¡ü�rÝ
±9 ECWMF Jø°¡º|ê�ý�êâ�±m
�¼��L¡6Ä�)���Ñ��ü�rÝ!
\���½þ'X, Xã 4 ¤«.

ã 4 �ØÓ\���, �L¡6Ä�)��
�Ñ��¡�ü�rÝ�'X. p�I��L¡
6Ä�)���Ñ��¡, î�I�ü�rÝ, ü
  dB·mm/h. ôÚ�N 1 dB·mm/h �ü�rÝ«m
��êâþ,Ø�^�N 1 dB·mm/h ü�rÝ«m
��Ñ��¡�IO�Úþ�. lã 4 ¥�±uy,

�Xü�rÝ�O\, ��Ñ��¡ÅìO�. ,
	, é'ØÓ\�����Ñ��¡�ü�rÝ�
'X�±uy, �\�����, ��Ñ��¡�
þ�ÚIO���, �X\���O�, �öÅì
��, ùÌ�´Ï���Ñ��¡Ø
�\��!
ü�rÝk'	, ���%á\°L¡��m�á
k', ��ö�m��'5�X\���O�Åì
~f.
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é'ã 3 Úã 4, �L¡6Ä�)���Ñ�
�¡'k���NÑ��¡���þ?, ù`²�
L¡6ÄéÑ�Oÿº�K���u�%���
NÑ�. ,	, é'ã 2, ã 3 Úã 4 ��, �ü�r

Ý���, �L¡6ÄÚ�%P~éÑ�Oÿº�
K�åÌ��^, �Xü�rÝ�~�, �%P~
Åì~�, �L¡6ÄéÑ�Oÿº�K�åÌ�
�^.� � � � �� � � � �� � � � ��� � � � � �� � � � � � � �

    ：� � � 	 
 
 �
：� � � � �

� � � � � � � �
    ：
 � � 	 
 
 �

：� 
 � � �

� � � � � � � �
    ：� � � 	 � � �

：� � 
 � �
� � � � � � � �

    ：� � � 	 � � �
：� � � � 


� � � � � � � �
    ：� � � 	 � � �

：
 � � � �
� � � � � � � �

    ：� � � 	 � � �
：� � � � �

� � � � � �
� � � � � �
� � � � � �

� � � � �� � � � �� � � � ��� � � � � �� � � � �� � � � �� � � � ��� � � � � �� � � � �� � � � �� � � � ��� � � � � �
� � � � �� � � � �� � � � ��� � � � � �

� � � � �� � � � �� � � � ��� � � � � �
� � � � � � �  � ! �  � � � � � � �  � ! �  

� � � � � � �  � ! �  � � � � � � �  � ! �  
� � � � � � �  � ! �  � � � � � � �  � ! �  

ã 3 k���NÑ��¡�ü�rÝ!\���Cz'X (a) \�� 27◦—33◦; (b) \�� 34◦—39◦; (c) \�� 40◦—45◦;

(d) \�� 46◦—51◦; (e) \�� 52◦—57◦; (f) \�� 58◦—64◦
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5 ü�^�e C ÅãÌÄ�ÅË�D
Ñ�.

ü�ÏLP~!��NÑ�Ú�L¡6ÄK
� C ÅãÑ�Oÿº�°Ý, Ù¥, ��NÑ�Ú

�L¡6Ä�)��Å&Ò3�£Ñ�O�, òÉ
��%�P~�^, �öéÑ�Oÿº�K��±
Ü¿�Ä. Ïd, ü�^�e°¡º|�ü���
�.= C ÅãÌÄ�ÅË�DÑ�.�L«�

σwind = αrainσ0 − σrain, (9)

� � � � � � � �
    ：� � � � � � �

：	 � 	 � �
� � � � � � � �
 � � 
 � � � � 
 � � �

    ：� � � � � � �
：� � � � �

� � � � � � � �
    ：� � � � � � �

：� 	 � � �
� � � � � � � �

    ：� � � � � 	 �
：� � � � �

� � � � � � � �
    ：� � � � � � �

：� � � � �
� � � � � � � �

    ：� � � � � � �
：� � � � �

� � � � � �
� � � � � �
� � � � � ��  � !�  � "�  � #�  � ��� �  � #� �  � �

�  � !�  � "�  � #�  � ��� �  � #� �  � �
�  � !�  � "�  � #�  � ��� �  � #� �  � �
 � � 
 � � � � 
 � � �


 � � 
 � � � � 
 � � �

 � � 
 � � � � 
 � � �

�  � !�  � "�  � #�  � ��� �  � #� �  � �
�  � !�  � "�  � #�  � ��� �  � #� �  � �

�  � !�  � "�  � #�  � ��� �  � #� �  � � 
 � � 
 � � � � 
 � � �

 � � 
 � � � � 
 � � �

ã 4 �L¡6Ä�)���Ñ��¡�ü�rÝ!\���Cz'X (a) \�� 27◦—33◦; (b) \�� 34◦—39◦; (c) \�
� 40◦—45◦; (d) \�� 46◦—51◦; (e) \�� 52◦—57◦; (f) \�� 58◦—64◦
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Ù¥, αrain = 100.2
∫ H
0 kdr, σrain = σsurf+100.2

∫ H
0 kdr

×
∫ H

0
10−10 π5

λ4 |Kw|2 Ze(r) ·10−0.2
∫ H
r

kdsdr. |^
ngõ�ªé αrain, σrain �ü�rÝ�'X©O
?1[Ü, �� (10) Ú (11) ª:

αrain(θ) =
∑n=3

n=0
pn(θ)R(θ)n, (10)

Ù¥ R �ü�rÝ, ü � dB·mm/h, θ �Ñ
�O\��, p�[ÜXê, ØÓ\��éA�[Ü
XêXL 1 ¤«.

L 1 αrain �ü�rÝ3ØÓ\����[ÜXê

\��/(◦) p0 p1 p2 p3

27—33 1.00×100 2.83×10−4 2.67×10−4 3.74×10−5

34—39 1.00×100 –2.47×10−4 2.66×10−4 5.27×10−5

40—45 1.00×100 –6.38×10−5 2.93×10−4 5.21×10−5

46—51 1.00×100 2.28×10−4 3.31×10−4 4.98×10−5

52—57 1.00×100 –5.51×10−5 3.66×10−4 6.35×10−5

58—64 1.00×100 6.18×10−4 4.41×10−4 5.69×10−5

σrain(θ) =
∑n=3

n=0
qn(θ)R(θ)n, (11)

Ù¥ q �[ÜXê, Ù¦ëêÓþª. ØÓ\��
éA�[ÜXêXL 2 ¤«.

|^ (9), (10), (11) ªéü�^�eÑ�O�
IOzX���Ñ��¡ σ0 ?1��, GØü�

�K�, J�°¡º|Úå���Ñ��¡ σwind,

,�ÏL/¥Ôn�ª¼ê�ü°¡º|.

L 2 σrain �ü�rÝ3ØÓ\����[ÜXê

\��/(◦) q0 q1 q2 q3

27—33 6.59×10−3 –2.93×10−4 1.47×10−5 1.20×10−5

34—39 2.61×10−3 9.48×10−5 2.43×10−5 2.14×10−6

40—45 1.91×10−3 1.03×10−4 3.31×10−5 1.61×10−6

46—51 1.56×10−3 1.16×10−5 1.65×10−5 3.04×10−6

52—57 8.29×10−4 –6.29×10−5 1.29×10−5 4.06×10−6

58—64 2.48×10−6 –4.26×10−5 1.24×10−5 3.43×10−6

6 ¢��y

�
�y�©JÑ�ü�^�e C ÅãÌÄ
�ÅË�DÑ�.�°Ý,¥(*ÿêâÀ^ 2011

c 1 �Ú 2 �� ASCAT Ñ�OÚ PR ÿ�X��
êâ, 'éêâÀ^ ECWMF uÙ�°¡º|ê
â. ÏL½þ©Ûü�éÑ�OÿºK��±uy,

�ü�rÝ���, C ÅãÑ�OÿºÉü��K
�é�, ��Xü�rÝ�O�, K�ÅìO�, ù
pÀJü�rÝ�u 10 mm/h �¢�êâ?1�
y©Û.

：
� � � �
：

� � � �
� � � � � �� � � �� 	 
 � � � 
 � � � �

� � � � � �
� � �� � �� � � �

� �
� �� � � �

� �
� 	 
 � � � 
 � � � ������ ��� �� �� �� �

����� ：
� � � �
：

� � � �
ã 5 ASCAT Ñ�O�ü�°¡º�Ú ECWMF °¡º��'é(J (a) ��c; (b) ���

|^�©JÑ�ü�^�e C ÅãÌÄ�Å
Ë�DÑ�.éÑ�Oÿþ���Ñ�Xê?1
��, ��c�, ASCAT Ñ�O�ü�°¡º�
Ú ECWMF °¡º��'é(JXã 5 ¤«, °¡

º��'é(JXã 6 ¤«.

��êâþ� 747. dã 5 ��, e�Ñü
��K�, ASCAT Ñ�O�ü�°¡º�oN�
u ECWMF °¡º�, �ö�²þ �� 1.26 m/s,
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þ � �� 2.21 m/s. | ^ �©J Ñ � � � � .
é ASCAT Ñ�Oÿþ���Ñ�OXê?1ü
����, Ù�ü�°¡º�Ú ECWMF °¡º�
�²þ �� 0.15 m/s, þ��� 1.72 m/s, �u�
�c�'éêâ, `²�©JÑ�ü�^�e C Å
ãÌÄ�ÅË�DÑ�.U
Uõ ASCAT Ñ�O
�ü�°¡º�°Ý.

dã 6 ��, ��c, ASCAT Ñ�O�ü�°

¡º�Ú ECWMF °¡º��²þ �� 5.35◦,

þ��� 84.51◦, GØ 180◦ ���
�êâ¿�
Äº� 0◦ Ú 360◦ �êâëY5�, ²þ �� –

4.98◦, þ��� 25.83◦. ���, �ö�²þ �
� –1.68◦, þ��� 68.47◦, GØ 180◦ ���
�
êâ¿�Äº� 0◦ Ú 360◦ �êâëY5�, ²þ
 �� –2.72◦, þ��� 22.34◦, �öþ�u��
c�'éêâ.� � � � � �

� �� � � �
� � �

� � �� 	 � � 	 �

 � �


 � �� 
 � � � � � � ������ � �� � � �
� � �

� � �� 	 � � 	 �

 � �


 � �� 
 � � � � � � ������
ã 6 ASCAT Ñ�O�ü�°¡º�Ú ECWMF °¡º��'é(J (a) ��c; (b) ���

dþã©Û(J��, �©JÑ�ü�^�
e C ÅãÌÄ�ÅË�DÑ�.U
Uõ ASCAT

Ñ�O�ü�°¡º�°Ý.

7 ( Ø

ü�ÏL�%P~!�%��NÑ�9�L
¡6Ä�n�Ï�UCÑ�Oÿþ���Ñ��
¡, ?
K�Ùÿº�°Ý. �©Äuùn��¡
�K�Ï�, í�
ü�^�e�X��§, �ï

 2010 c�c� ASCAT Ñ�O!TR ü�X�
Ú ECWMF ê�ý����êâ8, ½þ©Û
ü
�é C ÅãÑ�Oÿþ��Ñ��¡�K�, uy
�%éÑ�O&Ò�P~�ü�rÝÚ\���
O�
Or; �%�k���NÑ��¡�ü�r

Ý�O�
O�!�\���O�
�ú~�; �
L¡6Ä�)���Ñ��¡�u�%�k��
�NÑ��¡, ¿�ü�rÝ�O�
O�!�\
���O�
~�.

,	, |^í��ü�^�eX��§Úïá
���êâ8, �©JÑ
ü�^�e� C ÅãÌ
Ä�ÅË�DÑ�., ,�|^ 2011 c 1 �Ú 2

�� ASCAT Ñ�O!TR ü�X�Ú ECWMF ê
�ý�êâ?1
¢��y, (JL², �©JÑ
����.U
Uõ ASCAT Ñ�Oÿº�°Ý.

C ÅãÑ�O ASCAT ´8c¼��º°¡º
|�Ì�&ÿÃã, ü�´�º�Ì�A���,

�©ïÄ¤J�A^u�º°¡º|�ü, ùéu
mÐ�º�iÿ!´»ýÿ�ÕÑý´äk­�
¿Â.
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Rain effect on C-band scatterometer wind
measurement and its correction∗
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Abstract

It is viewed traditionally that the attenuation and scattering of rain have no effect on C-band scatterometer because its wavelength

is greater than the diameter of raindrops, so rain effects on C-band scatterometer wind measurement are often ignored. According to the

attenuation and the volume backscatter of the scatterometer signal by raindrops and the perturbation of the water surface by rain, in this

paper, we derive the radar equation of the rainfall, collect the data from ASCAT backscatter, rain data from PR and wind field from the

European Centre for Medium-Rang Weather Foremasts in 2010, and quantitatively analyze the influence of rainfall on the normalized

radar backscattering cross section of the C-band scatterometer. Our results show that the attenuation increases as the rain rate and the

incidence angle increase, the volume backscatter and the perturbation of the water surface increase with the increase of rain rate and

decrease with the increase of incidence angle, and the influence of the perturbation on the wind measurement of the scattermeter is

greater than the volume backscatter. In addition, we establish the C-band active microwave radiative transfer model for the rainfall by

the radar equation and the collected data. The experimental results indicate that the new model can improve the C-band scatterometer

wind measurement accuracy under rainfall conditions.

Keywords: rain rate, C-band scatterometer, radiative transfer model, sea surface wind field
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